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ABSTRACT 

Possible near-simultaneous occurrence of l u n a r  seis- 
m i c  events  and t r a n s i e n t  gas ven t ing  i n  t h e  Fra Mauro r eg ion  
a t  t i m e s  of maximum t ides  was r e c e n t l y  suggested by D r .  G. Latham 
of Lamont-Doherty Geophysical Observatory.  W e  sugges t  h e r e i n  
t h a t  t w o  Apollo 1 4  ALSEP experiments,  t h e  Passive Se i smic  Experi- 
ment (PSE) and t h e  Cold Cathode Gauge Experiment (CCGE) , may 
be used t o  t es t  t h e  v a l i d i t y  of Latham's sugges t ion .  

The Apollo 14 landing i s  scheduled f o r  e a r l y  1 9 7 1  
i n  t h e  Fra Mauro r eg ion ,  (3°40'S/17029'W). Geological evidence 
i n d i c a t e s  a p o t e n t i a l  t r a n s i e n t  gas  source  near  t h e  sou the rn  
edge of t h e  Fra Mauro c r a t e r ,  about  lOOkm sou th  of t h e  proposed - 
l and ing  po in t .  A s i m p l i f i e d  a n a l y s i s  of gas  t r a n s p o r t  on t h e  
l u n a r  s u r f a c e  i n d i c a t e s  t h a t  N e  o r  l i g h t e r  gases  r e l e a s e d  
t h e r e  a t  a temperature  of 250°K would have a range of lOOkm o r  
g r e a t e r  and thus  be  d e t e c t a b l e  by the CCGE. Heavier gases ,  
such as A r  o r  C 0 2 ,  would r e q u i r e  a gas  temperature  above 
300'K t o  reach t h i s  d i s t ance .  To i n c r e a s e  t h e  p r o b a b i l i t y  of 
d e t e c t i n g  these near-simultaneous even t s ,  t h e  CCGE should be 
deployed on a l i n e  between t h e  LM and t h e  suspected gas  source  
wi th  the CCGE en t r ance  a p e r t u r e  f a c i n g  away f r o m  t h e  LM. D e -  
ployed i n  t h i s  f a s i o n ,  t h e  CCGE could d e t e c t  from a d i s t a n c e  
of l O O k m  a source  t h a t  r e l e a s e s  gas  a t  a ra te  of a t  l ea s t  
2gm/sec.  If r e p o r t s  of luna r  gas  f luo rescence  can be r e l i e d  
on, t h e  gas e f f u s i o n  r a t e  should be on t h e  order of 1 0  gm/sec 
and t h e  suggested gas vent ing  should  be  e a s i l y  d e t e c t a b l e .  
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In t roduc t ion  

Recently,  D r .  G. L a t h a m ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  
f o r  t h e  Pass ive  Seismic Experiment (PSE) , r epor t ed  t h a t  c e r t a i n  
seismic events  recorded by t h e  PSE correlate wi th  t h e  t i m e  
of earth-moon pe r igee .  H e  h a s  suggested t h a t  t h e s e  are caused 
by a sudden release of t e c t o n i c  stress due t o  a maximum t i d a l  
s t r a i n  dur ing  pe r igee  passage. Latham f u r t h e r  sugges t s  t h a t  
t h e  seismic even t s  are r e l a t e d  t o  l u n a r  t r a n s i e n t  gas  events  
(release of  t rapped  subsurface gases),  and t h a t  t h e  source  of 
bo th  may be l o c a t e d  i n  the F r a  Mauro region.") 

a n a l y s i s  of geo log ica l  f e a t u r e s  i n  t h e  southern  r i m  reg ion  of 
Fra Mauro crater i n d i c a t e s  a p o s s i b i l i t y  of such an occur- 
r ence  . 

Although a 
t r a n s i e n t  even t  i n  t h i s  region has no t  been r epor t ed  ( 2 )  , 

( 3 )  

I n  an a t t empt  t o  c o r r e l a t e  l u n a r  seismic and t r a n s i e n t  
even t s ,  Latham reques ted  astronomers t o  focus  t h e i r  t e l e scopes  on 
the Fra Mauro area around t h e  t i m e  o f  earth-moon pe r igee .  
t h i s  memorandum w e  examine an a l t e r n a t e  method of t e s t i n g  
t h e  c o r r e l a t i o n  between the  l u n a r  seismic and t r a n s i e n t  gas 
e v e n t s ,  namely use  of t h e  PSE and t h e  C o l d  Cathode Gauge 
Experiment (CCGE) on t h e  Apollo 14 ALSEP which is  'scheduled 
t o  be  emplaced e a r l y  i n  1 9 7 1  a t  3°401S/17029'W, about  70km 
n o r t h  from t h e  c e n t e r  of t h e  Fra Mauro crater. 

I n  

ALSEP Experiments 

On Apollo 1 4 ,  t h e  ALSEP Cons i s t s  Of the PSE, t h e  CCGE, 
the  Act ive  S e i s m i c  Experiment (ASE) , the Charged Pa r t i c l e  Lunar 
Environment Experiment (CPLEE) and t h e  Suprathermal Ion  Detector 
( S I D E ) ,  which w i l l  be  deployed on t h e  l u n a r  s u r f a c e  t o  c o l l e c t  
s c i e n t i f i c  d a t a  f o r  a per iod  of one  t o  t w o  years .  
measure t h e  l u n a r  s u r f a c e  motion due t o  an i n t e r n a l  energy 
release o r  an e x t e r n a l  impact source .  The CCGE w i l l  measure 
t h e  d e n s i t y  of n e u t r a l  gas  i n  t h e  l u n a r  environment, genera ted  
by a s t eady  s t a t e  source  or de r ived  from a t r a n s i e n t  o r i g i n .  

The PSE w i l l  



BELLCOMM. INC. - 2 -  

Gas Transpor t  on t h e  Lunar Surface 

S ince  w e  have no a p r i o r i  knowledge of t h e  n a t u r e  and 
r a t e  of  gas  r e l e a s e d  from t h e  subsu r face ,  w e  only make a rough 
a n a l y s i s  of t h e  gas t r a n s p o r t  on t h e  l u n a r  su r face .  W e  assume 
t h e  p a r t i c l e s  are emi t ted  i s o t r o p i c a l l y  from a ven t  wi th  a mean 
speed v c h a r a c t e r i z e d  by t h e  gas  temperature  T.  -Assuming t h e  
gas  t o  be  Maxwellian, t h e  mean speed of t h e  gas v i s  given by: 

where k i s  Boltzmann's cons t an t  and m i s  t h e  molecular weight  
of t h e  gas.  The mean speed of t h e  gas  as a func t ion  of temp- 
e r a t u r e  f o r  va r ious  p o s s i b l e  gas  s p e c i e s  i s  p l o t t e d  i n  F igure  1. 

W e  f u r t h e r  assume t h a t  t h e  p a r t i c l e s  s u f f e r  no co l -  
l i s i o n s  or  i o n i z a t i o n s  from t h e  t i m e  they  l eave  t h e  luna r  s u r f a c e  
t o  t h e  t i m e  they r e t u r n  t o  t h e  s u r f a c e .  Thus, a l l  p a r t i c l e s  
t rave l  i n  b a l l i s t i c  t r a j e c t o r i e s .  The maximum range,  D ,  t h a t  
a p a r t i c l e  wi th  a given speed v can t rave l  on t h e  l u n a r  s u r f a c e  
is  given by , ( 4 )  

D = 4R6, 

and , '7 

6 E a r c  tan ''1- h . - G 2 R / p  .1+G5z 
\ 

where R i s  t h e  l u n a r  r a d i u s  and p i s  t h e  l u n a r  g r a v i t a t i o n a l  
cons t an t .  The maximum ranges f o r  t h e  gases  considered a t  temp- 
e r a t u r e s  ranging from 250 t o  5 0 0 °  K ,  are p l o t t e d  i n  F igure  2 .  
The t ime-of - f l igh t ,  tf , f o r  a p a r t i c l e  t r a v e l i n g  t h e  maximum 
d i s t a n c e  i s  given by, 

c 

Figure  3 p r e s e n t s  a p l o t  of tf computed f o r  gas speeds ranging 
f r o m  . 2 5  t o  1.6km/sec. 
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Detec t ion  of Lunar G a s  Venting i n  t h e  Fra  Mauro Area by t h e  
Apollo 1 4  CCGE 

Based on geo log ica l  evidence,  Head ( 3 )  found t h a t  t h e  
most probable  l o c a t i o n  of a t r a n s i e n t  gas  source  i n  t h e  F ra  
Mauro reg ion  i s  near  t h e  southern edge of t h e  F r a  Mauro c r a t e r .  
Head a l so  po in ted  o u t  t h a t  s e v e r a l  o t h e r  r i l l es  i n  t h e  F ra  Mauro 
r eg ion  could a lso be  sources  of t r a n s i e n t  gas .  However, i n  
t h i s  d i scuss ion  w e  assume t h e  primary gas  source  t o  be near  
t h e  southern  edge of t h e  Fra  Mauro c r a t e r ,  about  l O O k m  sou th  
of the scheduled Apollo 1 4  landing p o i n t .  

I n  t h i s  case, t h e  gases t h a t  could be d e t e c t e d  by 
t h e  CCGE would be N e  o r  l i g h t e r  gases ,  i f  t h e  gas  temperature  
i s  less than  250'K. H e r e  w e  have cons idered  only t h e  ' 'primary" 
p a r t i c l e s ,  t h a t  i s ,  p a r t i c l e s  i n  d i r e c t  b a l l i s t i c  o r b i t s  from 
t h e  source.  The "secondary" p a r t i c l e s  a r e  m o s t  l i k e l y  t h e  
product  of d i f f u s e  s c a t t e r i n g  by t h e  s u r f a c e ,  and it can be 
shown t h a t  t h e  d e n s i t i e s  of t h e  secondary p a r t i c l e s  a t  t h e  
CCGE are much smaller than  those of t h e  primary ones. 

To ensure  d e t e c t i o n ,  h e a v i e r  gases  such a s  A r  o r  
C 0 2  must have a temperature  above 300°K, f o r ,  as shown i n  
F igures  1 and 2 ,  gas  p a r t i c l e s  t h a t  t r a v e l  d i s t a n c e s  of lOOkm 
must have an average speed of a t  l ea s t  .4km/sec, r e g a r d l e s s  
of t h e i r  mass. A t  gas  temperatures below 500°K, heavy gases  
such as K r  o r  X e  w i l l  have l i t t l e  chance of be ing  de tec t ed  
by t h e  CCGE a t  d i s t a n c e s  g r e a t e r  than  80km from t h e i r  source .  
G a s e s  of  vo lcan ic  o r i g i n  may have much h ighe r  temperatures;  how- 
e v e r ,  w e  do no t  cons ider  t h i s  i n  t h e  p r e s e n t  d i scuss ion .  

The CCGE measures t h e  t o t a l  gas  d e n s i t y ,  b u t  n o t  t h e  
composition. W e  s h a l l  f o r  the moment, i gnore  i n  t h i s  d i scuss ion  
t h e  s p e c i e s  of gas  and assume t h a t  a l l  p a r t i c l e s  have t h e  s a m e  
speed, namely, t h e  thermal speed of .4km/sec. On t h e  b a s i s  
of t h i s  assumption, w e  s h a l l  estimate t h e  minimum d e t e c t a b l e  
r a t e  of  gas r e l e a s e  a t  a source lOOkm away. The u l t i m a t e  

torr p r e s s u r e ,  equiv- s e n s i t i v i t y  of t h e  CCGE i s  about 10  

a i e n t  t o  about  i . 3x io  'gm/cm-sec . 
f l u x  c a l c u l a t e d  f o r  a p a r t i c l e  v e l o c i t y  of .4km/sec i s  about 
3 ~ 1 O - ~ ~ g m / c m ~ - s e c .  The requi red  ra te  of  gas release a t  t h e  
source  f o r  an i s o t r o p i c  gas  flow f r o m  a ven t  i s  obta ined  by 
mul t ip ly ing  t h e  above mass f l u x  by t h e  t o t a l  a r e a  of a hem- 
i s p e r h i c  s u r f a c e  of appropr ia te  r a d i u s .  The minimum r a t e  of gas  
release t o  be  d e t e c t e d  by t h e  CCGE lOOkm d i s t a n t  from t h e  source  
i s  then  about 2gm/sec. 

-12  

2 rnl- 
- 

l r l e  corresponding mass 

2gm/sec i s  an order  of magnitude smaller than t h e  rate 
of gas release dur ing  LM depres su r i za t ion .  Approximately 3kg of gas  
are r e l e a s e d  i n  1 0 0  seconds when t h e  LM i s  depressur ized  p r i o r  
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t o  t h e  EVA per iod") .  S ince  t h e  ALSEP w i l l  be  deployed a t  most 
a f e w  hundred meters from t h e  LM, a l a r g e  dynamic p r e s s u r e  w i l l  
r e s u l t  from t h e  LM depres su r i za t ion .  A f t e r  LM Ascent S tage  
l i f t o f f ,  t h e  remaining Descen t  S tage  could cont inue  outgass ing  
f o r  an i n d e f i n i t e  per iod .  S i n c e  w e  have no p r e c i s e  knowledge 
of LM outgass ing  and no c o n t r o l  over it, t h e  CCGE en t r ance  
a p e r t u r e  should be f a c i n g  away from t h e  LM, thereby  minimizing 
t h e  p o s s i b i l i t y  of LM outgass ing  producks e n t e r i n g  t h e  CCGE. 

The gas  release ra te  of 2gm/sec i s  t h e  minimum r a t e  
determined by t h e  s e n s i t i v i t y  of t h e  CCGE; t h e  a c t u a l  gas 
release ra te  may be much higher .  I f  t h e  r e p o r t s  on l u n a r  gas  
f luorescence  can be r e l i e d  on ,  one can estimate lower l i m i t s  
of t h e  gas  release r a t e .  To be observed, t h e  number of photons 
i n  a given bandwith AA, a r r i v i n g  i n  A t  sec a t  an e a r t h  based 
t e l e s c o p e  from f l u o r e s c e n t  molecules over a l u n a r  a r e a  A ,  must 
be of  t h e  same o rde r  of magnitude as t h e  number of r e f l e c t e d  
s o l a r  photons i n  t h e  same bandwith i n t e r c e p t e d  by t h e  t e l e scope  
from t h e  same a r e a .  I n  t h e  red p a r t  of t h e  s o l a r  spectrum 
about  3x1Ol2 s o l a r  photons/cm2-sec-i a r e  r e f l e c t e d  by t h e  lunar  
s u r f a c e ,  cha rac t e r i zed  by an albedo of .07. Areas t h a t  w e r e  
monitored f o r  t r a n s i e n t  events ,  such as Alphonsus o r  A r i s t a r -  
c h u s ( 6 ) ,  a r e  t y p i c a l l y  on t h e  o r d e r  of 103-104km2 = l O l 3 - l O  1 4  c m  2. 

On t h e  assumption t h a t  a l l  molecules emanated from t h e  source  
f l u o r e s c e  while  pas s inq  throush these  areas, w e  a r r i v e  a t  a 
l o w e r  l i m i t  of ~ 3 x 1 0 ~ ~  p a r t i c l e s / s e c  f o r  t h e  source  y i e l d  of g a s ,  
d e t e c t a b l e  above t h e  s u r f a c e  background n e a r  f u l l  moon. T h i s  

corresponds t o  a l i m i t i n g  mass r a t e  of %lo gm/sec, f o r  p a r t i c l e s  
of molecular  weight n e a r  20 .  This  i s  a very conse rva t ive  es- 
t i m a t e ,  as compared, f o r  i n s t ance  wi th  1 0  p a r t i c l e s / s e c  es- 
t imated  by Kozyrev on t h e  b a s i s  of h i s  1958 obse rva t ions  of  
Alphonsus (7). I n  any case, a t  such ra tes ,  t h e  r e l e a s e d  gas  
should be e a s i l y  d e t e c t e d  by t h e  CCGE. 

0 
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27  

A s  shown i n  Figure 3 ,  a p a r t i c l e  w i th  a .4km/sec speed 
w i l l  t r ave l  a d i s t a n c e  of lOOkm i n  about 6 minutes;  a seismic 
p u l s e  t r a v e l s  t h i s  d i s t a n c e  i n  about h a l f  a minute . Near- 
simultaneous record ings  of a seismic s i g n a l  by t h e  PSE and a 
t r a n s i e n t  gas  event  by t h e  CCGE wi th  a t i m e  de l ay  of about 5.5 
minutes w i l l  i n d i c a t e  a simultaneous release of  a seismic energy 
and t rapped  subsur face  gas  from a source a t  lOOkm away. I n  
gene ra l  a t i m e  de l ay ,  A t ,  between events  recorded by t h e  PSE and 
t h e  CCGE i s  an i n d i c a t i o n  of d i s t a n c e  of t h e  d e t e c t o r s  from 
t h e  source  of t h e  even t ;  t h e  smaller t h e  A t ,  t h e  s h o r t e r  t h e  
d i s t a n c e ,  and 7 v i c e  versa .  S i n c e ,  i n  a d d i t i o n ,  t h e  CCGE 

( 8  1 
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and t h e  PSE w i l l  be  i n  long t e r m  continuous ope ra t ion ,  whereas 
t e l e s c o p i c  observa t ions  are i n t e r m i t t e n t ,  they may f u r n i s h  
s i g n i f i c a n t  d a t a  on t h e  c o r r e l a t i o n  of l u n a r  seismic and 
t r a n s i e n t  gas  even t s ,  provided t h e s e  phenomena are indeed 
re la ted.  

Conclusion 

The CCGE i s  a s u i t a b l e  experiment f o r  measuring 
t r a n s i e n t  gas t h a t  may be r e l e a s e d  from t h e  l u n a r  subsur face  
a t  t h e  t i m e s  of maximum tides,  when a seismic event  i s  
recorded. S ince  t h e  CCGE w i l l  a l so  detect gases  vented from 
t h e  LM, t h e  Apollo 1 4  ALSEP/CCGE should be deployed south  of 
t he  LM wi th  t h e  CCGE en t rance  a p e r t u r e  f a c i n g  sou th  towards 
t h e  hypo the t i ca l  source ,  thus  minimizing t h e  p o s s i b i l i t y  of 
d e t e c t i n g  gases  released from t h e  LM. 
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FIGURE 1- MEAN SPEED OF MAXWELLIAN GAS AS A FUNCTIONOF TEMPERATURE 
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FIGURE 2 - MAXIMUM TRAVEL RANGE VS THE GAS TEMPERATURE 



10,000 

5,000 

2,000 

1 

0 w 
v) - 
Y 

1,000 

500 

200 

100 
0.1 0.2 0.5 1 .o 2.0 

(KM/SEC) 

5.0 

FIGURE 3 -TIME-OF-FLIGHT OF PARTICLE TRAVELLING TO ITS MAXIMUM RANGE 


